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GFM: Grid-Forming; IBR: Inverter-Based Resource
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Agenda & Key Messages 

from our evaluation for 

Hawai’i Island 2

Co-simulation of high-fidelity IBR & relay models 

supports protection analysis in IBR-dominated systems3

4
Protection-inverter co-design reveals need for good 

configurations to avoid expensive all-LCD schemes

1

POTT and LCD protection schemes clear faults in 

inverter-dominated transmission systems in 100ms

Fault-Ride Though functions successfully limit 

Grid-forming Inverter currents
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Fault-ride though (FRT) functions for grid-forming (GFM) inverters are 
fundamentally different from FRT functions for grid-following (GFL) inverters
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Cascaded Control (CC)

We compare different Fault-Ride Through (FRT) functions for Grid-forming (GFM) inverters
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We evaluate FRT functions in an EMT model of Hawai’i Island
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• Converted from HECO’s PSS/E model

• 100% IBR generation mix with

• 4 GFM batteries

• 1 GFL wind turbine

• 90MW load across all buses

• Mid- and end-line faults in fault location 1

 Battery

 Wind turbine

 Protection relay

 Fault

Hawai’i Island model 



All 4 FRT functions successfully limit IBR currents during balanced and 
unbalanced faults and show comparable voltage and current dynamics
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3LG: 3-line-to-ground, LLG: line-to-line-to-ground; LG: line-to-ground; LL: line-to-line;

CC: cascaded control; DVC: direct voltage control; CL: current limit; VI: virtual impedance

Red: positive sequence; blue: negative sequence
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Fault-Ride Through

We are evaluating different FRT and protection functions in a Protection Hardware-in-the-
Loop (PHIL) testbed with commercial Siprotec relays and 4 different faults types
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State-of-the-Art LCD and POTT protection functions clear balanced and 
unbalanced faults for CC-CL and DVC-VI FRT functions in less than 6 cycles

Restricted | © Siemens 2026 | Ulrich Muenz | Siemens Research & Predevelopment | 2026-03

This is the updated table

 

Evaluation for 48 scenarios:

• CC-CL & DVC-VI FRT functions

• Distance, POTT, and LCD protection

• 3LG, LLG, LG, LL faults

• Mid-line & end-line at location 1

• Includes 50ms breaker opening delay

Conclusion

• LCD clears fastest

• POTT shows good performance

• Distance (Z) takes almost 150ms to 

clear end-line faults 60
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Fault-clearing time evaluation 

3LG: 3-line-to-ground, LLG: line-to-line-to-ground; LG: line-to-ground; LL: line-to-line;

CC: cascaded control; DVC: direct voltage control; CL: current limit; VI: virtual impedance;
POTT: Permissive Over-Reaching Transfer Trip; LCD: line-current differential
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Gridscale X

Advanced Protection Assessment

(formerly PSS/CAPE) 

We developed a prototype for a co-simulation between high-fidelity EMT simulations in 
PSCAD and high-fidelity relay simulations in Gridscale X APA (PSS/CAPE)
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Co-simulation replicates accurately response of commercial relays in the PHIL testbed
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This is the updated table

 

Evaluation for 48 scenarios for DVC-VI:

• Distance (zone 1, 2, 3), POTT, and LCD (fast, 

standard) protection

• 3LG, LLG, LG, LL mid-line faults

• 2 relays at location 1

Conclusion

• All mismatches below 1 cycle (16.6ms)

• LCD with lowest mismatch

Co-simulation accuracy evaluation 

3LG: 3-line-to-ground, LLG: line-to-line-to-ground; LG: line-to-ground; LL: line-to-line;

CC: cascaded control; DVC: direct voltage control; CL: current limit; VI: virtual impedance;
POTT: Permissive Over-Reaching Transfer Trip; LCD: line-current differential
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Protection-Inverter Co-Design tool finds best FRT and relay configuration guided by 11 KPIs
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Solution Architecture Optimization for Inverter and Protection Functions

Rewards of On-going Experiments

Chosen Settings

Best Settings until now

Optimal Reward until now
Rewards and Settings

1    2     3    4Modes for Lines and FRTs for GFMs:

Reward of current experiment 

Configuration of current experiment 

Best configuration up to this point



Comparison of 160 optimized designs reveals that all-LCD protection schemes provide 
best performance while less expensive schemes can achieve similar performance with 
optimized configuration
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Big thank you to all collaborators! 
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